A highly sensitive DNA electrochemical biosensor was prepared based on multi-walled carbon nanotube/nano-Ag-TiO2 composite membrane. The Ag-TiO2 composite is mixed with a suitable amount of multi-walled carbon nanotubes (MWNT) dispersed in N,N-dimethylformamide to form a uniform and stable mixed solution, which is applied onto the surface of the bare carbon paste electrode. A MWNT/Ag-TiO2 modified carbon paste electrode was prepared. The large specific surface area and good electron transport properties of carbon nanotubes have a good synergistic effect on the good biocompatibility of Ag-TiO2 nanocomposites and excellent adsorption capacity of DNA, which significantly improves the immobilization and DNA hybridization of DNA probes. Detection sensitivity. The preparation of the sensing membrane and the immobilization and hybridization of DNA were characterized by cyclic voltammetry and electrochemical impedance spectroscopy. The exogenous glufosinate acetyltransferase gene fragment of transgenic plants was detected by electrochemical impedance spectroscopy. The linear range was 1. 0 × 10 -11 ～ 1. 0 × 10 -6 mol / L. The detection limit was 3. 12 × 10 -12 mol / L.
Introduction
Since Iijima discovered carbon nanotubes (CNTs) in 1991, it has been widely used in the sensor field due to its advantages of wide electrochemical window, fast electron transfer rate, good biocompatibility and high mechanical properties [1] . In recent years, CNT-related nanocomposite membranes have attracted much attention because of their synergistic properties [2] [3] [4] [5] . Our research team has carried out some research work on the application of CNT-related nanocomposite membranes to prepare DNA electrochemical biosensors [6] [7] [8] . Nano-TiO2 is a promising nanomaterial in the field of photochemistry and biochemistry. Its excellent biocompatibility, easy adsorption of biomolecules and good chemical reactivity have been widely used in biosensing [ 9, 10] . Ag nanoparticles are an important part of material synthesis, and the extinction coefficient of biomarker Ag nanoparticles is about 4 times that of gold nanoparticles under the same conditions [11] . The Ag-TiO2 composite combines the advantages of both nano-TiO2 and Ag nanoparticles to attract widespread attention [12, 13] . In addition, the electron transfer between Ag and TiO2 also greatly enhances the chemical reactivity of the Ag-TiO2 complex [14, 15] . Based on the high sensitivity of multi-walled carbon nanotubes (MWNT) and Ag-TiO2 nanocomposite membranes, a DNA electrochemical biosensor was prepared and the transgenic maize exogenous glufosinate acetyltransferase (PAT) was obtained by electrochemical impedance spectroscopy. Gene fragments are detected. This sensor has good selectivity, stability and regenerability.
Materials and Method
CHI 660 C Electrochemical Workstation (Shanghai Chenhua Instrument Co., Ltd.), the working electrode is carbon paste electrode or its modified electrode, the counter electrode is platinum wire electrode, the reference electrode is saturated calomel electrode (SCE); pHS-25 pH meter (Shanghai Lei Magnetic Instrument Factory); KQ-50B Ultrasonic Cleaner (Kunshan Ultrasonic Instrument Co., Ltd.); JSM-5900 Scanning Electron Microscope (Japan JEOL Company); Ekpo Ultra Pure Water System (Chongqing Haoyang Enterprise Development Co., Ltd.) . Graphite powder (Shanghai colloidal chemical plant, particle size The carbon paste electrode and the MWNT/Ag-TiO2 modified carbon paste electrode were prepared by weighing graphite powder 4. 5 g, solid paraffin 1. 5 g, heating and stirring at 80 ° C to make it evenly mixed, and then into a clean glass tube ( In the diameter of 4 mm), the copper wire is inserted as a wire, and the carbon paste electrode is prepared by pressing and cooling under a balanced pressure, which is recorded as CPE, and the surface of the electrode is polished to a smoothness on the weighing paper before use. 
Results and Discussion

Ag-TiO2 Morphology
Scanning electron microscopy images of Ag-TiO2 nanocomposites (Fig. 1) show that the Ag-TiO2 nanocomposites are composed of many distinct concave spheres with uniform size and smooth surface, with a wall thickness of about 40-80 nm. This structure is beneficial for improving the sensitivity of chemical sensors [18, 19] . At the MWNT /Ag-TiO2 /CPE electrode, a good peak of oxygen peak (curve b) with a significant increase in the peak height and a significant decrease in the redox peak potential difference was obtained, indicating that the MWNT /Ag-TiO2 modified electrode It has a larger surface area and better electrical conductivity. A pair of redox peaks were obtained on the MWNT /CPE electrode (curve c) and the Ag-TiO2 /CPE electrode (curve d), but their peak heights were significantly smaller than the curve b, and the peak potential difference was significantly larger than the curve b. MWNT and nano-Ag-TiO2 have strong synergistic effect on improving the surface electron conduction performance of the electrode. The reason may be: MWNT and nano-Ag-TiO2 can increase the active surface area; MWNT can be used as the super between Ag-TiO2 and the electrode surface. Micro-connector [20] , which significantly improves the interface electron transfer capability. Figure 3 shows the electrochemical AC impedance Nyquist spectra of different working electrodes. On the electrode with MWNT /Ag-TiO2 modified film layer, the electron transfer resistance (Ret) of the interface is 520 Ω (curve b). Compared with curve a, the Ret of b is significantly reduced. This is consistent with the results of cyclic voltammetry. The Ag-TiO2 composite combines the advantages of both nano-TiO2 and Ag nanoparticles, exhibiting excellent biocompatibility and easy adsorption of biomolecules. There are a large number of defects and dangling bonds on the surface of MWNT, which are easy to be chemically modified. The modified MWNT can form a strong interaction with the nanocomposites. The ssDNA probe can be immobilized on the surface of the MWNT /Ag-TiO2 /CPE electrode due to the good electrical conductivity of the MWNT and the large specific surface area of the Ag-TiO2 nanocomposite, good electron transport properties and specific adsorption capacity for ssDNA. 
Figure 2. Electron migration chart
DNA immobilization
Δ
Ret increases with time between 10 and 60 min; as the hybridization time continues to increase, the Δ Ret value no longer increases. Therefore, the optimal hybridization conditions were hybridization at 45 °C for 60 min. 
PAT gene sequencing
DNA sensor repeatability assessment
The pole was placed in boiling water for 8 min, then quickly placed in an ice salt bath for 5 min to cool it. After washing, the electrochemical impedance spectroscopy spectra were recorded. The curve obtained was close to the probe electrode curve because of hybridization. The formed dsDNA is denaturing and depolarized at high temperature, and is converted into an ssDNA/MWNT /Ag-TiO2 /CPE electrode. After the heatdenatured ssDNA-modified electrode was hybridized again with the complementary DNA and subjected to the AC impedance test, the AC impedance value was again significantly increased, which was close to the impedance value of the dsDNA/MWNT/Ag-TiO2/CPE electrode obtained by the first hybridization. This sensor has better regenerative capacity. However, after 4 regenerations, the AC impedance value drops rapidly, possibly due to the ssDNA immobilized on the electrode. The reproducibility of this DNA electrochemical biosensor was investigated. Five electrodes were separately prepared under the same conditions, and the target DNA of 10. 0 × 304 analytical analysis No. 38 10 -10 mol / L was determined, and the relative standard deviation of the five determinations was 4.32%. This sensor has good reproducibility. The sensor was stored at 4 °C for 20 d with no significant change in performance. Compared with the preparation of DNA electrochemical biosensors based on metal oxide composite nanomaterials reported in [21, 22] (Table 1) , the biosensor prepared by this method has lower detection limit, better reproducibility and reproducibility. 
Conclusion
A DNA electrochemical biosensor was prepared by using MWNT / Ag-TiO2 nanocomposite film. The composite membrane combines the advantages of MWNT, nano-TiO2 and Ag nanoparticles, and the synergistic effect between the nanoparticles greatly increases the immobilization of the DNA probe, thereby enabling highly sensitive detection of DNA hybridization. The preparation of MWNT/Ag-TiO2 nanocomposite film was followed by cyclic voltammetry. The immobilization and hybridization of DNA on the modified electrode were characterized by electrochemical impedance spectroscopy. The exogenous PAT gene fragment of transgenic maize was detected by electrochemical impedance spectroscopy. The sensor has good stability, reproducibility and regenerability.
